As the Korean government expands the budget for national research and development, the need for an institute that deliberates, coordinates, and operates research development and its budget has increased. In response to these demands, the National Science and Technology Council (NSTC) was recently established. However, to achieve a creative economy, which is the economic system where value is based on novel imaginative qualities rather than the traditional resources of land, labor, and capital, more efficiently, fundamental research regarding the current state of the Korean national administration system of science and technology in Korea is required. Accordingly, this study first analyzes the function and organizational structure of the NSTC in Korea. Second, it investigates the current state of the NSTC in other countries. Finally, the study derives several implications for improving NSTC operation based on the benchmarking study and suggests an operational improvement plan for NSTC with respect to enhancement of function, operation of organization, human resource management, and improvement of the relationships between other departments. The study contributes to analyze the current state of the NSTC in Korea and science and technology (S&T) Councils in other major countries, systematically and in detail. In addition, based on benchmarking study, this study derived operational improvement of NSTC in Korea with four perspectives, including enhancement of function, operation of organization, human resource management, and improvement of the relationships between other departments. Development countries [10] . However, in terms of the establishment of long-term R&D roadmap, it is hard to say that the R&D investment activities in Korea are progressed efficiently [11] . Actually, there are some concerns regarding the performance of R&D investment, which stems from not only diversity of R&D business but also issues concerning demand and budget allocation among research groups. Under such circumstances, establishment of an effective budget allocation system and long-term operating plans in terms of national level are required [12] [13] [14] , in particular, balanced management of national R&D based on sector diversification.
Introduction
In recent years, science and technology (S&T) have become more important and the Korean government has invested a large sum of the budget in national research and development (R&D) [1, 2] . In addition, several advanced countries steadily have conducted open innovation activities to improve the capacity of S&T innovation, due to facing the dynamic and complex environment of science and technology [3] . Thus, R&D investments and their plan such as technology roadmap also have become more important to maintain the performance of national innovation activities [4] . Especially, R&D management agencies and policies have been taking on important roles in the national R&D (1) To analyze the function and organizational structure of the NSTC, (2) To investigate the current state of the NSTC in other major countries in detail, (3) To derive realistic implications for improving the NSTC operations based on the benchmarking study.
The value added to this area of this paper is to suggest an operational improvement plan for the NSTC in Korea based on the benchmarking study. To our knowledge, this is the first study that analyzes the current state of the NSTC in Korea and S&T Councils in other major countries, systematically and in detail. Based on benchmarking study, we derived operational improvement with four perspectives, including enhancement of function, operation of organization, human resource management, and improvement of the relationships between other departments. In addition, since there have been no in-depth comparative studies on the national science and technology management system of other developed countries, there was a lack of references in establishing the policy direction of the Korean government. Therefore, this study can be useful in establishing the policy direction and improving the management system of science and technology in the new government as it has been in-depth analysis of the national science and technology management system. The remainder of this paper is organized as follows. Section 2 explains the overall research framework of the paper, while Section 3 provides an overview of the operating system of the NSTC in Korea. Section 4 investigates the current state of the NSTC in Japan, the United States (U.S.), and Finland. In addition, implications are derived for improving the NSTC operation in this section. Section 5 suggests an operational improvement plan and, finally, Section 6 concludes with contributions and future research suggestions.
Research Framework
The framework of proposed approach is shown in Figure 1 . As shown, the process primarily consisted of three parts with respect to overall perspective: (1) analysis of the current system of the NSTC; (2) analysis of the current state of science and technology councils in other major countries; and (3) suggestions for an operational improvement plan for NSTC. In the analysis of the current system of the NSTC in the Korea stage, a brief history of the NSTC is reviewed. 
Review of Operating System of NSTC in Korea

Overview of NSTC
The NSTC was established in 2013 as a national science technology planning tower to achieve a creative economy. The major mission of the NSTC is to establish a vision for national S&T development. In accordance with basic science and basic technology in Korea, the NSTC was officially launched under the Prime Minister's Office in March 2013 [16] .
The leadership of the NSTC consists of the Prime Minister and private sector co-chairmen. In addition, the 13 ministers of related government departments participate as government delegates; private delegates and experts also participate. Table 1 shows the history of each science and technology council. Table 1 . History of National Science and Technology Council (NSTC).
Information
Fourth Generation (Former: 2011-2013) Fifth Generation (Current: 2013~) As the second stage, the primary functions and organizational structure of the NSTC are analyzed. In the stage of analysis of the current state of science and technology councils in other major countries, S&T councils in three major countries including Japan, the U.S., and Finland are analyzed as the benchmarking study. Here, we utilize benchmarking study as a methodology because this approach is effective tool for analyzing National Innovation Systems to serve as a starting point for a detailed examination of similarities and differences between benchmarking group and specific group [17] . In addition, for benchmarking study, we selected three leading countries from Europe, Asia, and America. First, in Europe, we selected Finland because Finland was the first country to adopt the concept of a national innovation system (NIS) as a basis for its technology and innovation policy. Second, in Asia, Japan is selected as a benchmarking group because Japan is the country with the most advanced science and technology level in Asia and systematically establishes the direction of national science and technology policy such as determining future R&D priorities and evaluating major R&D projects. Lastly, in America, we selected U.S. because in the U.S., the level of science and technology is very high, and they are constantly striving to strengthen national competitiveness through the development of science and technology manpower and support of basic science. In particular, as the complexity of science and technology policy increases, in the U.S., various organizations are being operated to systematically establish science and technology policy.
As the last stage, in the suggestion of operational improvement plan for NSTC, basic directions for operational improvement with four perspectives, including enhancement of function, operation of organization, human resource management, and improvement of the relationships between other departments.
Review of Operating System of NSTC in Korea
Overview of NSTC
The leadership of the NSTC consists of the Prime Minister and private sector co-chairmen. In addition, the 13 ministers of related government departments participate as government delegates; private delegates and experts also participate. Table 1 shows the history of each science and technology council. 
Major Functions of the NSTC
The NSTC plays a role in adjusting major science and technology policies, deliberating human resource policies regarding innovation of science, technology, and industrialization, adjusting regional technological innovation policies, and deliberation on the operational R&D budget [18] . Detailed explanations are provided in Table 2 . Table 2 . Major functions of the NSTC.
Major Functions Explanation
Adjust major science and technology polices -Establishment and adjustment of major policies and planning of science and technology promotions -Establishment of basic and general plans for local science and technology promotion -Establishment of medium-and long-term plan of national R&D -Investigation, analysis, and evaluation of national R&D Adjust human resource policies regarding innovation of science and technology and industrialization -Promotion of government-funded research institute in science and technology -Establishment and adjustment for national growth engine policies -Adjustment for policies related to the innovation of science and technology in the industries of next-generation growth engines, culture tourist industry, material and component industry, and process innovations area -Adjustment for policies related to scientific and technical personnel -Policy support for national standards and intellectual property Adjust regional technological innovation policies -Building a support system for regional technological innovation policies
Deliberate operational R&D budget -Establishment of budget expansion for science and technology and recommendation of R&D investment -Deliberations on the operational national R&D budget -Fund support for technology innovation
Organizational Structure of the NSTC
The NSTC is composed of a plenary session, a steering committee, seven expert committees, two special committees, and two consultation committees, as shown in Figure 2 . Specifically, first, the plenary session deliberates issues related to the establishment and coordination of major policies affecting science technology and efficient operating system of the national R&D business budget. Second, the operating committee provides practical advice regarding issues related to science technology policy and pre-examines the deliberation and decision matters prior to plenary session. Third, expert committee reviews and coordinates the R&D budget in each field and makes decisions on the investment direction and propriety for major R&D businesses, makes connections and coordinates between businesses, and distributes and coordinates the R&D budget, etc. The special committee carries out temporary and intensive discussion on special issues and is composed of the special committee on Civil-Military Technology Cooperation and the special committee for Multi-Department Technology Collaboration. Lastly, the consultation committee consults in each policy field and promoted fundamental research and local science technology.
Current State of National Science and Technology Councils in Other Major Countries
Japan-CSTP (Council for Science and Technology Policy)
Background
Due to the increasing complexity of science policy, the mechanisms for evaluating S&T policy are weak in Japan. In 1995, the Japanese government developed an integrated S&T policy and successive 5-year S&T Basic Plan [19] . For this plan to be successful, Japan needed to construct a strong organization for managing S&T policy and, as the part the task to reform the administration in 2001, the Council for Science and Technology Policy (CSTP) was established [20] . Compared with its previous S&T council, the Science Council of Japan, the CSTP addressed a broad scope of S&T policies and projects and has stronger decision-making power than before. In addition, other S&T organizations cannot intervene in the activities of CSTP because the chairperson has the power to: (1) appoint overall members; (2) determine the direction of the S&T plan; and (3) allocate power to other organizations [21] .
Primary Function
The CSTP has the leading role in developing overall S&T policy, including completing the S&T Basic Plan and evaluating other detail agendas related to basic S&T policy. In addition, other members of the Cabinet Office also support the CSTP in formulating important policies and decisions. The main functions of the CSTP can be summarized as follows: -Investigate and deliberate basic S&T policies: The CSTP suggests comprehensive strategies for S&T to address the national/social scientific needs. In addition, the CSTP modifies the direction of the primary policies through decisions made by external committees.
-
Evaluate key R&D projects in Japan: The CSTP prioritizes key R&D projects through evaluation with external experts. The CSTP also sets the evaluation criteria and subjects by discussing them with experts. Based on the evaluation, the CSTP determines whether R&D projects are enforced, revised, or rejected. Coordinate between S&T policies: The CSTP conducts coordination efforts between various S&T policies in different departments. The CSTP sets a coordination guideline of basic S&T policy with several ministers. In addition, the CSTP also makes instructions for sub-organizations of the government based on the S&T Basic Plan.
Organization of CSTP and Other Related Organizations
The CSTP is chaired by the Prime Minister and consists of six ministers, seven executive members, and a head of an affiliated organization. Ministers primarily deliver results of council and reflect these results when establishing policies. Executive members, who are eminent persons from various academic or industrial backgrounds, primarily provide S&T policy consultation based on their professional knowledge and opinion. However, only 14 members cannot conduct all of the main functions of the CSTP, therefore, a number of other organizational members support. Figure 3 shows the overall organizations that are related to S&T policy in Japan. government expenditures and human resources for S&T policies and projects. The Ministry of Finance cooperates with the CSTP when the overall scale of expenditure and other resources is determined.
-Coordinate between S&T policies: The CSTP conducts coordination efforts between various S&T policies in different departments. The CSTP sets a coordination guideline of basic S&T policy with several ministers. In addition, the CSTP also makes instructions for sub-organizations of the government based on the S&T Basic Plan.
The CSTP is chaired by the Prime Minister and consists of six ministers, seven executive members, and a head of an affiliated organization. Ministers primarily deliver results of council and reflect these results when establishing policies. Executive members, who are eminent persons from various academic or industrial backgrounds, primarily provide S&T policy consultation based on their professional knowledge and opinion. However, only 14 members cannot conduct all of the main functions of the CSTP, therefore, a number of other organizational members support. Figure 3 shows the overall organizations that are related to S&T policy in Japan. As Figure 3 shows, many organizations and groups participate in the CSTP, even though they are not directly involved in the CSTP. Among them, two groups primarily support the CSTP: First, The Executive Office in the Cabinet Office serves as the CSTP's secretary. This organization provides additional information regarding S&T policy, both domestic and abroad. For example, it investigates S&T policy trends in developed countries and gathers diverse comments about the new policy from the industry. Second, the Ministry of Education, Culture, Sports, Science and Technology (MEXT) supports the CSTP when the CSTP mediates S&T primary policies and programs because MEXT is able to arbitrate between other government departments related to S&T. MEXT also provides basic As Figure 3 shows, many organizations and groups participate in the CSTP, even though they are not directly involved in the CSTP. Among them, two groups primarily support the CSTP: First, The Executive Office in the Cabinet Office serves as the CSTP's secretary. This organization provides additional information regarding S&T policy, both domestic and abroad. For example, it investigates S&T policy trends in developed countries and gathers diverse comments about the new policy from the industry. Second, the Ministry of Education, Culture, Sports, Science and Technology (MEXT) supports the CSTP when the CSTP mediates S&T primary policies and programs because MEXT is able to arbitrate between other government departments related to S&T. MEXT also provides basic direction for the successive S&T Basic Plan and conveys that to other government departments. Third, expert committees are utilized, which consider the policy related to their fields. They also not only offer professional information, such as S&T policy data, but also provide recommendations including evaluation criteria. They meet with the Minister's CSTP executive members about once a week and consult regarding the direction of S&T policy or other projects. Expert panels can be altered according to circumstance and S&T policy. In 2014, five expert panels were operated by the CSTP. Table 3 shows the objective and roles of the five expert panels. In the late 1990s, the U.S. government confronted issues in establishing and deliberating S&T policy. First, S&T policy has become more complex since numerous policies had been established to consider the needs of federal agencies [22] . Federal agencies can support small companies, which can play a role in innovation, so they can influence the development of S&T innovation [23] . Second, coordination between stakeholders such as governments, private sector, and academic fields was required to establish S&T policy because their interconnected networks were needed to operate national innovation systems [24] . To overcome this problem, the National Science and Technology Council (NSTC) transferred to a presidential council. In addition, other S&T organizations such as the Office of Science and Technology Policy (OSTP) and President's Council of Advisors on Science and Technology (PCAST) also became involved in the new presidential organization, and with the NSTC [25] . Through this change, the U.S. government strengthened the power of NSTC to function as the primary organization for S&T policy. However, unlike Japan and Korea, the NSTC's power should reflect the opinion from other three powers: administration, legislature, and judiciary officials in its deliberation process.
Primary Function
The NSTC has the leading role in: (1) To accomplish the functions of the NSTC, a number of expert committees, subcommittees, and working/project groups make up the NSTC's organization. Figure 4 shows the organization of the NSTC and primary expert committees.
-
Evaluate S&T policy programs: The NSTC evaluates S&T policy decisions and programs and determines how consistent they are with the President's stated goals. Even if the programs meet the stated goals, the NSTC still evaluates the performance of S&T policies based on whether the policies are sustainable S&T development. -Construct a collaboration system: The NSTC constructs a global collaboration system with other developed countries where the NSTC promotes scientific experts to exchange scientific information and participate in S&T projects with foreign development teams. -Set guidelines regarding deliberation: The NSTC publishes a report that contains policy objectives for the coordination and deliberation of S&T policy. Based on this report, the NSTC deliberates R&D programs in administrative departments and federal agencies.
Organization of NSTC and Other Related Organizations
Chaired by the President, the NSTC is composed of the Vice President, the Director of the Office of Science and Technology Policy, 14 Cabinet Secretaries, seven Agency Heads, and four President's assistants. The number of actual members of the NSTC is larger (30 persons) than the S&T councils in Korea and Japan, but people from various academic or industrial backgrounds do not participate and their opinions are provided indirectly through agency and institute leaders.
To accomplish the functions of the NSTC, a number of expert committees, subcommittees, and working/project groups make up the NSTC's organization. Figure 4 shows the organization of the NSTC and primary expert committees. The role of the committees is similar to committees of the NSTC in Korea as they specialized in advising and assisting in the policy-making and evaluation process in their fields. They also support maintaining a strong relation between the CSTP and Federal S&T policies with other cooperated organizations. Committees can be changed or reorganized according to circumstances and S&T policies in the U.S. In 2014, five committees operated to assist in the primary functions of the NSTC. Table 4 shows the objectives and roles of the five committees, which are more focused on fundamental science and education than those in Korea and Japan. The role of the committees is similar to committees of the NSTC in Korea as they specialized in advising and assisting in the policy-making and evaluation process in their fields. They also support maintaining a strong relation between the CSTP and Federal S&T policies with other cooperated organizations. Committees can be changed or reorganized according to circumstances and S&T policies in the U.S. In 2014, five committees operated to assist in the primary functions of the NSTC. Table 4 shows the objectives and roles of the five committees, which are more focused on fundamental science and education than those in Korea and Japan.
In the U.S., three groups are involved with decision-making regarding S&T policy. In the administration, the OSTP is concerned with evaluating the validation and effectiveness of R&D plans and related works. In addition, it can remonstrate the President's decisions concerning S&T Basic Plan and detailed programs. Second, the Office of Management and Budget establishes the federal budget for R&D programs and prioritizes them. It also determines the allocation principle regarding program management. The judicial system deals with policy decision-making related to the administration and provide certain judgments as a reference for S&T's evaluation. While the legislature does not possess S&T-specialized organizations, several subcommittees of legislature participate in evaluating general S&T policy and establish R&D program budgets. In addition, they are concerned with public issues of S&T policy. 
Background
Prior to the establishment of the Research and Innovation Council (RIC), the Science and Technology Policy Council (STPC) controlled the S&T innovation policy system in Finland [26] . The STPC influenced overall S&T policy and promoted S&T innovations since 1960s [27] . In the 2000s, the STPC began to promote horizontal innovations that required collaboration between policy sectors [28] . However, Finland's administration created the innovation-lead strategy for national development and more radical innovations were required. Therefore, it wanted to create a general plan that covered not only S&T developments but also comprehensive successful innovation systems. To create a more comprehensive innovation, the administration suggested that every stakeholder in S&T policy participate in the decision-making process and attempted to allow innovation leaders to affect the entire society. To control innovations, overall stakeholders collaborated with others in S&T innovations and strong S&T policy was required. To do this, The STPC was renamed RIC [16] .
Primary Function
The RIC coordinates S&T policy across stakeholders and evaluates S&T policy to promote the development of science and technology. In addition, it created the basic S&T plan for overall S&T areas. In this process, the RIC investigates the relationship between other policy fields and reflects this in plans. Unlike other organizations, the RIC also mediates legal issues with the judiciary and directly manages researcher training programs. However, its evaluation functions are weaker than in other organizations-it only measures the impact and performance of S&T policy. The primary functions of the RIC can be summarized as follows:
-Coordinate S&T policy: The RIC coordinates the S&T policy-making process. In this step, it provides solutions to the primary issues in S&T policy. In addition, it assists in constructing a basic S&T policy system to promote the participation of stakeholders. 
Organization of RIC and Other Related Organizations
The membership of RIC, chaired by the President, consists of the two Vice Chairpersons, seven Cabinet Ministry, 10 external experts, and five standing members in the administration. The number of members of the RIC is larger (25 persons) than those of the S&T councils in Korea and Japan. Unlike the U.S., external experts from various academic or industrial backgrounds belong to the RIC through the nomination of the President. Expert committees also consist of the RIC's organization. Figure 5 shows the organization of the RIC. Many committees provide opinions regarding the RIC's decisions. Among the committees, two are supported by the RIC. The Science Education Committee's purpose is to increase the overall performance of developing new knowledge within the S&T fields. One core function of the RIC is training the researcher, and this committee develops educational activities and programs for researchers. The second committee is the Technology Innovation Committee and its purpose is to improve the overall effectiveness of technology and promote researchers and other stakeholders to participate in the innovation process. This committee also analyzes the economic/social influence of new S&T policy. In addition, it facilitates technology innovation planning that covers the overall S&T fields. In this step, it suggests how to make and maintain innovative competitiveness. Background research is provided by other subcommittees to these two committees.
However, the RIC does not deliberate overall S&T policy levels. Figure 6 shows the S&T policy deliberation system in Finland. At the program level, each program autonomously deliberates its issues and policies. . Figure 6 . S&T policy deliberation system in Finland.
In addition, the detailed policies of each department are deliberated by the Academy of Finland (AF) and Business Finland. Initially, the AF organization primarily supported fundamental research in universities. However, the AF is also involved in developing advanced research system and environment and maintains a collaboration system between research institutes, universities, and the government. Business Finland was established for the purpose of supporting R&D of companies and universities, providing innovation fund, supporting information on export, investment and tourism, overseas expansion of small and medium companies, and attracting foreign direct investment. Actually, on 1 January 2018, Finpro which is the Finnish trade promotion organization and Tekes which is the Finnish Funding Agency for Innovation were united as Business Finland. Business Finland's mission is to catalyze new growth and create opportunities for Finland through innovation and international expansion. In addition, the detailed policies of each department are deliberated by the Academy of Finland (AF) and Business Finland. Initially, the AF organization primarily supported fundamental research in universities. However, the AF is also involved in developing advanced research system and environment and maintains a collaboration system between research institutes, universities, and the government. Business Finland was established for the purpose of supporting R&D of companies and universities, providing innovation fund, supporting information on export, investment and tourism, overseas expansion of small and medium companies, and attracting foreign direct investment. Actually, on 1 January 2018, Finpro which is the Finnish trade promotion organization and Tekes which is the Finnish Funding Agency for Innovation were united as Business Finland. Business Finland's mission is to catalyze new growth and create opportunities for Finland through innovation and international expansion.
Actually, for a long time, Finland's national innovation system (NIS) had been one of the most successful and effective in the world. However, some years ago, the situation changed. In other words, Finland's NIS run into system crisis. For example, Finnish RIC has not been functioning well because in previous government there were huge cuts in R&D budget. To overcome this crisis, Finland's government tries to work out anticrisis policy for innovation by looking for optimal policy-mix to overcome the crisis, demonstrate in details complementary components of the relevant innovation policy. This approach is based on previously accumulated knowledge and all stakeholders of economic development consensus on one issue. Even though there was a crisis, some S&T policies have been doing well in recent years. For instance, the Finland startup program, run by Business Finland, attracts many startups from all over the world based on its active startup support environment, which includes Finland's growing ecosystem, high quality of life, and open funding opportunities. Based on this S&T policy, the Finnish entrepreneurship ecosystem is expected to continue to grow.
Comparison of the S&T Councils in Three Countries
The following Table 5 shows the comparison of S&T councils in Japan, the U.S., and Finland. 
Implications Based on Analysis of S&T Councils in Three Countries
In previous sections, the functions and characteristics of S&T councils in three countries (Japan, the U.S., and Finland) are analyzed. This study can derive four implications from the three S&T councils.
First, the overall authority of the three S&T councils is stronger than that of the NSTC. To lead the overall S&T innovation, the role of the S&T control tower becomes more important. According to the analysis, the three S&T councils belong to a presidential advisory body, such as a Cabinet Office in Japan. Therefore, they can review and control the overall national innovation system, even practical cases of R&D in nongovernmental fields. To do this, the three countries construct the legal mechanism for enhancing the authority of the NSTC. For example, the U.S. government legislates on essential particulars for operating the NSTC, and other departments cannot oppose the control of the NSTC. In addition, mediation function of councils also is enhanced by the connection with stronger organizations. The OSTP has a stronger authority by supporting the MEXT, which is one of primary departments in Japan. The MEXT arbitrates between other governmental departments and assist the OSTP in drastic mediation of S&T policy.
Second, the three S&T councils have an effective role sharing system to enhance the efficiency of operation. The three S&T councils have many suborganizations and supported organizations, while the councils deliberate and establish S&T policy. These organizations regularly participate in the decision-making process, as well as provide advice on S&T policy. The OSTP in the U.S. operates and supports the council and is concerned in evaluating the validation of R&D plans and related programs. Moreover, the three S&T councils actively appoint outside specialists, which can contribute to enhancing the capacity of fair decision-making. For example, in Finland, many S&T policies in individual programs rely on various outside specialists when they decide detailed plans and evaluate programs based on its complexity. Specialists set the criteria for evaluating program, and the RIC listens to their feedback when establishing the evaluation criteria of S&T policy.
Third, the three S&T councils strive to secure outstanding experts. They construct international collaboration systems that foreign experts participate. These experts provide information related to foreign technologies and evaluate the competitiveness of global S&T and its policy. In addition, councils such as the OSTP and the RIC regularly rotate the members who are selected experts from each of governmental departments. Experts, who have information related to technologies and their policies, are trained in policy deliberation.
Finally, the three S&T councils have various types of relationships with other fields, such as other governmental departments, academic fields, industrial fields, and citizens. Above all, all three S&T councils attempt to interact with other governmental departments, and various organizations participate in the process of establishing/deliberating on the S&T policies. However, organizations should be followed an S&T policy Basic Plan when they participate in establishing policies. For example, in the U.S., the judicial system and the legislature independently participate in the policy deliberating process and contribute to establishing practical policies. Moreover, there are various types of interactions with nongovernmental organizations. For example, the Japanese government designates independent administrative institutions, one of the academic organizations in Japan. These institutions can autonomously enforce the S&T policy in their programs and provide enforcement to the OSTP. They also provide direction in planning the reflected needs of academic fields. Many subcommittees in councils collect extensive opinions from the industrial field and citizens through industrial panels.
Operational Improvement Plan for the NSTC
Based on the analysis to the current state of the S&T councils in Japan, the U.S., and Finland, the following implications providing a desirable direction for the NSTC in Korea can be derived: (1) enhancement of function; (2) operation of organization; (3) human resource management; and (4) improvement of the relationships between other departments.
Enhancement of Function
Basic directions for enhancement of function can be defined in five areas: (1) total control function;
(2) establishment of strategy function; (3) mediation function; (4) planning of open R&D policy; and (5) establishment of a reasonable and fair decision system based on expert opinion. Detailed explanations of the directions for function enhancement are summarized in Table 6 . Moreover, the related councils are shown in Table 6 as well.
Our suggestion regarding the enhancement of function has the pros that NSTC can effectively adjust and deliberate policy because if our suggestions are made, there is an institutional mechanism to strengthen the powers needed for deliberations. However, in order to strengthen authority for policy coordination and deliberation functions, the interests of relevant ministries should be considered so it may be hard work. Table 6 . Basic directions for enhancement of function.
Area Explanation
Enhancement for total control function -Innovation activities for national science and technology should be promoted by performing a conductor role that manages the national innovation system. The NSTC must reallocate the role of departments and set a control system clearly.
The OSTP investigates and coordinates government departments by assigning experts from each department. -Legal mechanism for control should be constructed to enhance the authority of the NSTC.
The government can legislate on essential particulars for operating the NSTC. The RIC legally constructs the cooperation systems with target organizations to enhance the organization.
Enhancement for establishment of strategy function -Four primary strategies are required to increase the efficiency of R&D management (1) Establishing advanced strategy for R&D diffusion system (2) Determining core/integrated agenda for R&D management (3) Enhancing the role and authority of private committee member (4) Developing integrated R&D strategy for overall fields RIC and related organizations develop integrated R&D strategy for other fields as well as S&T. Japan government designates independent administrative institutions that can autonomously enforce the S&T policy in their programs.
Operation of Organization
Basic directions for enhancement of operation of the organization can progress in three areas: (1) the establishment of other supported organizations; (2) enhancement the capability of decision-making process; and (3) variety of information sources. Detailed explanations for basic directions for operation organization can be summarized in Table 7 . Table 7 . Basic directions for operation of organization.
Area Explanation
Establishment of other supported organization -Associated organizations, such as Office of Science and Technology Policy, should enhance to support S&T council.
-The NSTC should continuously interact with associated organizations to construct an integrated system to investigate, analyze, and evaluate S&T policy. Executive offices in Japan frequently investigates the S&T trends and provide the information for the evaluation of S&T policy -The NSTC should construct definitive criteria for the evaluation of S&T policy through the information from other fields.
Many developed countries construct a co-evaluation system to capture indirect ripple effects on other fields, such as education and labor Enhancement for the capability of decision-making process -The NSTC should boost the participation of private experts in decision-making process.
The OSTP gathers opinions from private academic and economic societies such as Japan Science Council in S&T policy decision. -The NSTC should set the long-term direction of S&T policy and it should match the detailed decisions with the long-term direction.
The NSTC in the U.S. publishes a report that contains guidelines for the decisions of S&T policies and programs.
Enhancement of information sharing
and feedback -The NSTC should appoint civilian members who can understand the various fields. Council members induce information sharing activity to enhance the knowledge of other council members. The OSTP and RIC listen to the opinion/feedback of executives from various government departments and outside specialists.
Our suggestion regarding the operation of organizations has the contribution in that a balanced system can be established that maintains independence and autonomy among ministries. However, in Korea, there is a difficulty in applying our suggestion because of the change in authority between the various ministries.
Human Resource Management
Basic directions for enhancement of human resources can progress in two areas: (1) the enhancement for the capability of S&T policy; and (2) the enhancement for the capability of globalization. Detailed explanations for basic directions for enhancement of human resource management are summarized in Table 8 .
Basic directions for enhancement of human resource management has the pros that NSTC can effectively utilize experts with expertise in science and technology. However, in order for such human resource management to operate transparently, political intervention should not occur in the selection and training of personnel, but this has often happened. Therefore, this issue should be solved. 
Improvement in the Relationships between Other Departments
Improvements in the relationships between departments can enhance in four areas: (1) government departments, (2) the public, (3) academic field, and (4) industrial field. Detailed explanations for basic directions for relationship improvements are summarized in Table 9 . Table 9 . Basic directions for the improvement of relationships.
Area Explanation
Enhancement in the relationships with government departments -The NSTC should develop joint programs and methods that several departments participate in.
Interdepartmental committees and working groups are an example of joining several departments. The NSTC in the U.S. operates many working groups that share the mission for S&T development.
Enhancement in the relationship with the public -The NSTC should promote cooperation with the public Improved online webpages can be used to promote suggestions, discussions, and complaints from the public The Cabinet office in Japan operates public groups to gather the public's opinion.
Enhancement in the relationships with the academic field -The NSTC should enhance communication with several research societies, laboratories, and universities. Interactions between research societies and laboratories may enhance the quality of policy advice and S&T policy plans. The Academy of Finland developed an advanced research system and environment based on the opinions of laboratories and universities Enhancement in the relationships with the industrial field -The NSTC should set policy direction using the latest information from the industrial world. Interactions with various industrial fields can induce not only realistic outputs but also innovative outputs. Council operates regular economic/industrial panels selected by public hearing.
If our suggestion for improvement in the relationships between other departments is implemented, it can lead to the deliberation of policies with a common purpose, based on active information exchange among ministries or publics. However, our suggestion requires a lot of time and money because the interests of various departments and various industrial fields need to be widely considered.
Conclusions
This study contemplates how to improve the NSTC in Korea. To do this, first, the operating system of the NSTC in Korea is reviewed in detail. In this step, the function and organizational structure of the NSTC are analyzed. Second, the National S&T Councils in Japan, the U.S., and Finland are analyzed. According to the analysis, the four councils have a common basic mission and function regarding S&T policy. However, there are some differences between the four councils, such as detailed function, authority, and association with other organizations. Third, this study suggests implications for providing a desirable direction for the NSTC in Korea. Implications include concrete explanations and references derived from the other three councils and four perspectives can be concluded: (1) enhancement of function; (2) operation of organization; (3) human resource management; and (4) improvement in the relationships between other departures.
The primary contribution of this study is to derive implications for the advance of the NSTC in Korea based on the comparative analysis of the current state of the NSTC among major countries. Despite the importance of S&T policy and management, there is a lack of detailed analysis regarding S&T organizations and councils. Therefore, this study analyzes the NSTC in three categories: history, function, and organization. In addition, based on these categories, this study also analyzes the other three S&T councils and identifies difference between the NSTC in Korea and the other councils. These differences can provide a basis for systematical implications for the NSTC in Korea.
Despite the major implications of this study, several limitations exist that suggest a path for future research. First, this study only investigated the National S&T Councils in the U.S., Japan, and Finland, leaving councils in other countries to be investigated thoroughly and derive plentiful implications. Future studies may consider not only developed countries but also developing countries that foster high-tech industries. Many developing countries have S&T strategies based on their economic growth. Therefore, their councils may provide a basis for other implications for the NSTC in Korea. Second, the performance of the NSTC in Korea should be analyzed as this study only analyzed function, organization, and related organizations. The efficiency of councils was not investigated and to overcome this limitation, future studies can identify the NSTC's performance based on policy items in the national R&D agenda. Performance can be measured by criteria such as the number/scope of S&T policies deliberated by the NSTC and the number of derived S&T programs from S&T policies.
